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Purpose and Scope
The Bureau of Land Management (BLM) is implementing a landscape approach that incorporates multiscale information to assess the condition and trends of resources (http://www.blm.gov/wo/st/en/prog/more/Landscape_Approach.html). A major component of the BLM landscape approach is the Rapid Ecoregional Assessment (REA) program, which provides information to facilitate development of broad-scale management strategies across jurisdictional boundaries. The REAs identify and map priority ecological communities and species for particular ecoregions, determine the degree of risk from development and other change agents, and provide assessments of ecological conditions including conservation and restoration potential. The purpose of this project was to map the estimated distribution of grassland communities of the Southern Great Plains prior to Euro-American settlement.
The BLM partnered with the Great Plains Landscape Conservation Cooperative (GPLCC) to ensure that the results of the Southern Great Plains REA provide information useful for addressing management issues identified by a diverse set of stakeholders representing the REA and GPLCC. The Southern Great Plains REA project area includes the full extent of the GPLCC's area (http://www.greatplainslcc.org/about/), as well as the following Omernik Level III ecoregions (Omernik, 1987) : High Plains, Central Great Plains, Southwestern Tablelands, and the Nebraska Sand Hills (and an adjacent buffer delineated by fifth-level watersheds intersecting the ecoregion boundaries) ( fig. 1A ). The dominant vegetation communities in these four ecoregions are shortgrass, mixed-grass, and sand prairies, which were identified as priority ecological communities by the Southern Great Plains REA stakeholders (Assal and others, 2015) . A priority management issue for this REA is how development (including agricultural, energy, transportation, and urban) has fragmented and reduced connectivity of Great Plains ecological communities (Assal and others, 2015) . Our objective was to map the estimated distribution of grassland communities of the Southern Great Plains prior to EuroAmerican settlement to address management questions for the REA.
Both current and estimated historical land-cover maps were needed to quantify how development has altered landscape structure. For previous REAs, regional or national land-cover datasets, such as those from the Gap Analysis Program (GAP) and the Landscape Fire and Resource Management Planning Tools (LANDFIRE) program were used to map ecological communities (Bryce and others, 2012; Carr and Melcher, 2015; Comer and others, 2013) . Because of the accuracy limitations of existing land-cover datasets and challenges associated with mapping the estimated distribution of grasslands prior to land-use conversions, REA stakeholders suggested using the Ecological Site Information System (ESIS) (National Resources Conservation Service, 2015a) and Soil Survey Geographic Database (SSURGO) (National Resources Conservation Service, 2015b) to map the estimated historical distribution of native grassland communities across the Southern Great Plains for the REA.
We conducted a preliminary review and analysis of the suitability of using existing land-cover datasets, including GAP (http://gapanalysis.usgs.gov/) and LANDFIRE (Landscape Fire and Resource Management Planning Tools, 2012), to map the priority grassland communities for the REA project area. The large size of the project area (spanning eight states) required two GAP regions (northwest and southwest); pronounced classification discrepancies along the boundaries precluded the use of the GAP data for mapping grasslands for the REA. We evaluated two LANDFIRE datasets for use: Biophysical Settings (BpS), representing the potential natural vegetation prior to Euro-American settlement, and Existing Vegetation Type (EVT) (Rollins, 2009) .
LANDFIRE was developed to map fuels and typically depicts woody fuels more accurately than herbaceous fuels in rangelands because of limited field data in rangelands (Reeves and others, 2009 (Elliot, 2010) , as our reference map in the area of overlap between the Texas vegetation map and the REA project area because the finer resolution (10 x 10-meter raster dataset) and extensive field data (14,000 survey plots) were assumed to provide a more accurate map than LANDFIRE or NRCS data. Our preliminary analysis indicated that NRCSderived classifications, which combine information from both ESIS and SSURGO, generally had the best correspondence with the Texas Ecological Systems Classification, compared to LANDFIRE EVT and BpS, supporting the REA stakeholders' recommendation to use NRCS data to map grasslands for the Southern Great Plains REA. This approach assumes that the combination of substrate and climate is correlated with the composition and productivity of prairie vegetation. Understanding of these relations is in accord with common assumptions that underlie the development and use of Ecological Site Descriptions (ESDs) and is well established in practice and empirical research (for example, Epstein and others, 1998) .
Methods
The potential distribution (Zerbe, 1998) of grass-dominated ecological communities in the Southern Great Plains was estimated using soil composition, annual precipitation, and vegetation plot data developed by the NRCS. SSURGO contains soil information delineated by map units and we used the dominant soils component, as represented by the largest percentage, for any map unit with multiple soil components to map the distribution of soil types.
Plant communities for each SSURGO map unit were identified using the ESIS (https://esis.sc.egov.usda.gov). Ecological sites are characterized by soil and physical characteristics, associated plant communities, vegetation productivity, and the potential for a given community to respond similarly to management actions and natural disturbances. The ESIS includes the Ecological Site Inventory (ESI) database and ESDs. The ESI provides plot-level survey data on soils and plant species productivity for each ecological site. The ESDs are peer reviewed reports that include summarized plot-level survey data and synthesize information on physical factors (soils, temperature, precipitation, hydrology, geology, physiographic features), biotic features (plant species occurrence, plant community composition, plant production), and ecological dynamics (disturbance regimes such as grazing, fire, drought). To associate each spatial map unit with the appropriate ecological site, the Soil Component and Ecoclass tables in SSURGO were used.
We classified the composition of sites for the project area into 10 grassland community types (shortgrass, mixed-grass, sand, tall-grass, mid-grass, northwest mixed-grass, and cool season bunchgrass prairies; semi-desert grassland and steppe; and saline and foothill grasslands; table 1). Our classification considered the naming conventions established by the National Vegetation Classification (Nelson and others, 2015) and used the same terminology when applicable. However, to support requests from managers and planners, we developed a classification falling between Group and Association levels of the National Vegetation Classification hierarchy similar to types considered in habitat conservation and management. Only shortgrass, mixed-grass, and sand prairies are widely distributed throughout the four ecoregions in the project area; the remaining seven grassland types primarily occur along the periphery of the ecoregions and in the buffer region. Although the less common grassland types were not a focus of our classification, they were included for completeness and context relative to adjacent areas.
To classify each ecological site, we used the three dominant species, as indicated by aboveground annual productivity (table 1). We followed species naming conventions established by the U.S. Department of Agriculture (Natural Resources Conservation Service, 2015c). Field estimates of species productivity from ESI vegetation plots within ecological sites without ESDs were averaged by species and normalized by calculating the percent of total annual yield in each ecological site. Ecological sites with mesic soils or wetland plants were classified as aquatic communities and sites dominated by woody species were classified as shrubland, woodland, and forest. LANDFIRE BpS Initial mapping of grassland communities using SSURGO and the associated ESIS revealed gaps and inconsistencies resulting from missing data and inaccurate classification boundaries along county and state lines. Map units lacking associated ESDs or ESI data were classified using vegetation described for nearby ecological sites with similar soil properties. Map units with classification inconsistencies along political boundaries (county or state lines) were assigned to the same community class as an adjacent ecological site with similar soil properties. In a small portion of the project area, nearby sites with similar soil properties were lacking; in these cases, we used LANDFIRE BpS to address the data gap ( fig. 1B) . The source of information used to classify map units is documented in the "Dataset source" attribute (table 2) .
The estimated historical distribution map delineates 10 grassland communities ( fig. 2 ). To provide a complete coverage of other communities in the project area, we also used NRCS and LANDFIRE BpS to map the estimated historical distribution of shrublands, woodlands, and forests; riparian areas and wetlands; open water; and sparsely vegetated land-cover classes. Because our purpose was to classify and map the historical distribution of grasslands, the woody and aquatic communities were grouped into general community types. To identify potential wetland and riparian areas, NRCS data were used to identify the presence of mesic soils and hydrophilic plant species; identification of potential shrublands, savanna, and open woodlands used the presence of indicator grasses and shrubs, and tree species (oak, juniper, or pine) with 10 to 25 percent cover. In areas where LANDFIRE BpS was used as the data source for classifying woody vegetation, we combined all vegetation types using the BpS names corresponding to shrublands, woodlands, and forests (table 3). We reclassified several BpS types corresponding to desert scrub types as saline grasslands because those scrub types are uncommon within the project area and generally occurred in proximity to areas classified as saline grasslands using NRCS data (table 3) , supporting the reclassification.
The attribute names in the dataset are listed and defined in table 2 (Callan and others, 2016) . The attributes include those derived by the U.S. Geological Survey (USGS) and attributes from the SSURGO data that were used in determining land-cover classification. The associated metadata includes expanded attribute definitions summarized in table 2 (Callan and others, 2016) . Table 2 . Attributes (names and abbreviations), definitions, and originator of the attribute field for the estimated historical distribution of grassland communities dataset. Attribute abbreviations are used in the dataset attribute table and defined in the metadata (Callan and others, 2016 
Summary
This project mapped the estimated historical distribution of grassland communities of the Southern Great Plains Rapid Ecoregional Assessment (REA) project area prior to Euro-American settlement. We mapped the distribution of 10 grassland communities within the project area including shortgrass, mixed-grass, and sand prairies which are the dominant grassland communities evaluated for the REA. Community types were primarily classified using the plant species with the largest annual productivity as identified by the Natural Resources Conservation Service (NRCS). We also used Landscape Fire and Resource Management Planning Tools (LANDFIRE) classifications where NRCS data were unavailable and in peripheral watersheds intersecting an ecoregion boundary. Some ecological sites were classified from only a few vegetation plots; consequently, the estimated historical distribution of grasslands is best suited to regional-and landscape-level applications as a result of these and other data limitations inherent in estimating the historical distribution of grasslands. The 30 x 30-meter raster dataset of the estimated historical distribution of grassland communities (Callan and others, 2016) can be used to address management questions for the Southern Great Plains REA, Great Plains Landscape Conservation Cooperative, and other broad-scale management issues.
